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The blood

• Circulation – 5L

• One microliter blood contains:

4-6 million erythrocytes

200-500,000 thrombocytes

4-11,000 leukocytes



I. Methodological challenges, considerations



Challenges when working with blood

• Quick processing time

• Skin contamination

• Catheter contamination

• Sample amount

• Storage

• Anticoagulants



Detection of microbes in blood

• Viability

• Culturable/cultured pathogens only

• Typically monomicrobial detection

• Does not detect viruses

• 50-90%  the infectious agent remain unknown

• Takes several days

• Requires large volumes of blood (20-40 ml; molecular/metagenomics studies 
require 0.5-2 ml)



Methodological considerations for metagenomics 
on blood samples

• Can detect broad variety of microbes

• Large amount of human DNA

• 16S sequencing

• Shotgun sequencing



Methodological considerations – human 
background DNA

Song et al., 2014 PLoS ONE 9(7): e103610
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Methodological considerations – 16S sequencing

• High throughput
• Fast
• Culture-independent
• Can identify all bacteria

• Species level 
identification not 
reliable

• Does not detect 
fungi/viruses

• Primer biases



Methodological considerations – shotgun 
sequencing

• Expensive

• Mostly sequencing human genome

• Larger starting material

• Huge amount of data

• Bacteria, fungi, viruses

• Resistance genes

Gyarmati et al., Sci Rep (2016) 6:23532



II. Blood microbiota in healthy population



Blood was thought to be sterile

HHV7 (Guerrero&Bacon) TTV (Itoh et al., 2000)

• Viruses / viral segments / phages are often present in healthy 
people

• High prevalence in the population
• Most often no symptoms present



The blood virome

Moustafa et al. (2017) PLoS Pathog13(3): e1006292.

• 8000 participants
• Cell free DNA
• Shotgun sequencing
• ~40% presumed healthy
• ~60% with common disorders 
(respiratory, cardiovascular, 
metabolic disorders)



Bacteria in healthy blood?



Stenotrophomonas maltophilia

- Electron microscopy
- 16S PCR
- FISH





III. Blood microbiota in disease



The “intestinal firewall”

Belkaid Y, Hand TW.

Cell. 2014 157(1):121-41.



Bacterial translocation can occur in several diseases

Wiest & Rath Best Pract Res Clin Gastroenterol. 2003 17(3):397-425. 

 Hospitalization time, mortality ↑
 Clinically relevant?
 Prognostic impact?
 Methodology?
 Culture/culture independent?
 Patient/control population?



Bloos et al., Intensive Care Med (2010) 36:241–247 Gyarmati et al., Sci Rep (2016) 6:23532



Microbes in blood with different underlying 
conditions

• Heart transplant
• Lung transplant
• Bone marrow transplant
• Pregnancy

• High diversity of phages
• Torque Teno Virus



Blood microbiota in leukemia

Gyarmati et al., Sci Rep (2016) 6:23532



Possible solutions

• Remove/decrease human background DNA

• Sequence longer fragments

• Validation of sequencing method

• Filter vs human genome

• Careful selections of controls
- 16S: measure relative abundances

(control vs sample)
- Shotgun: Phylogeny 

(control vs sample)

• Optimize 16S PCR Song et al., 2014 PLoS ONE 9(7): e103610



Summary

• Caution when interpreting data

• Careful selection of controls

• Consideration of appropriate extraction/sequencing methods

• Limited knowledge and evidence of clinical significance

• Pathogen-specific treatment

• Invaluable in the treatment of critically ill / blood culture negative 
patients

• Patients with unknown etiology



Br Med J. 1942 Oct 31; 2(4269): 526. 
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